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factory results may be obtained by means of a sound¬ 
ing wire attached to a heavy block of concrete or box 
of stones (see Science, vol. xlii., 1904, p. 704). 

Those members of the new Challenger expedition 
whom fortune may choose to be responsible for the 
tidal observations have it in their hands to make all 
tidal workers using their data everlastingly grateful. 
This gratitude they may secure by insisting, that the 
tidal observations should be made in Greenwich mean 
civil time, reckoning the hours from o to 23. Apart 
from the many advantages for purposes of computation 
resulting from such procedure and the ease with which 
time comparisons of the tide at different places may¬ 
be made, there is one outstanding advantage-—it will 
remove all uncertainty as to the kind of time used. 
Many otherwise excellent tidal observations are of 
little^ use because there is no certainty as to the kind 
of time employed, whether mean local civil, mean 
local astronomical, local apparent or standard time 
for some unknown meridian. The use of Greenwich 
mean civil time should prove further desirable in view 
of the change to this kind of time soon to be made ih 
the Nautical Almanac published by the British Ad¬ 
miralty. H. A. Marmer. 

U.S. Coast and Geodetic Survey, Washing¬ 
ton, D.C., April 15. 


The Physical Status of “ Space.” 

To answer all Mr. Bonacina’s points (Nature, 
May 5, p. 300) is not possible in a single letter. I 
agree'with him that no rigid boundary can be drawn 
between the provinces of the older physics and meta¬ 
physics. Concepts are freely introduced into both 
which are not know-n to experience, and are never 
used either in describing past experience or in 
inferring future experience. Some hypotheses are 
necessary in any science, but hypotheses that are 
never used are neither necessary nor useful. The 
elastic solid sether forms an excellent example of 
these. It is assumed that electric and magnetic 
forces satisfy certain differential equations, and this 
is the only assumption required for the theory' of the 
propagation of electromagnetic waves. The aether 
theory, however, introduces the additional hypothesis 
that one of these forces is a displacement in an elastic 
solid the properties of which differ from those of any 
ordinary solid. This assumption is never used, has 
no basis in experience, and cannot be tested experi¬ 
mentally. Accordingly I say it should not be made, 
for the introduction of additional hypotheses decreases 
the probability of the theory. The other assumption, 
which is valuable and leads to much new know¬ 
ledge, makes no mention of an sether. It appears to 
be the case that all so-called explanations of physical 
laws by means of the aether are really based on some 
mathematical assumption that makes no reference to 
an aether at all. 

I cannot see Mr. Bonacina’s difficulty about 
“empty space.” I have advanced no theory involving 
any such entity, and think that space is as useless a 
concept in physics as sether. To construct a space 
with suitable properties may be an aim of physics, 
but it is certainly not the starting point. The exist¬ 
ence of entities incapable of being objects of experi¬ 
ence is a thorny problem even to metaphysicians, and 
I think that physicists would do well to postpone its 
consideration so far as possible until they have some 
idea of the basis in their knowledge of the proposi¬ 
tions to which they attach high probabilities. 

Dr. Campbell’s point CMay 5, p. 301I is dealt with 
in the article (Nature, February 17) of which I was 
part author. Geometry is not the measurement of 
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the earth, and never was; it was pointed out in the 
article that that excellent idea in nomenclature was 
never carried out. Euclid’s geometry was, from the 
nature of its constructions and postulates, quite in¬ 
applicable to earth measurement. If anyone doubts 
this, let him consider the definitions and axioms as 
they stand and see how many of them are verifiable 
in. even a few cases on a scale such as occurs in 
surveying. Further, Euclid’s treatment assumes 
that the postulates are true in all cases. To 
suggest that this can be known by experiment is 
ridiculous. It is at best an inference to which a high 
probability can be attached. I know of nobody but 
Einstein and his followers who has used the word 
“geometry” in any ot-her than the mathematical 
sense. The measurement of the earth is always 
known as “geodesy,” and has been for more than a 
century; and measurement in general is “ mensura¬ 
tion,” the most important and least discussed of all 
sciences. Constancy in terminology requires that 
these meanings should be retained. Dr. Campbell 
would scarcely claim that measurement in general 
should be called “geometry” in his sense. 

Harold Jeffreys. 


The Reparation Act and Scientific Research. 

Prof. Gardiner (Nature, May 19, p. 359) is one 
of many British men of science who are helping to 
pay the German war indemnity. One does not obtain 
goods from Germany unless one is compelled; it is 
difficult to see how standard German books and new 
publications can be procured from home industries, and 
they are necessary to research. In other cases the goods 
might be expected to be made by British firms. For 
many months I have been trying to obtain Wollaston 
wire of a certain diameter from a well-known British 
firm. At first I was informed that it could not pos¬ 
sibly be made. I had bought it before in Germany, 
so they tried to make it. Several samples were un¬ 
satisfactory, and finally I was told that the British 
firm did not wish to make any further attempts. I 
then ordered some of the German wire, which I was 
required to pay for in advance, for the reason stated 
bv Prof. Gardiner. This was reasonable, as the price 
charged by the German firm, plus indemnity which I 
pay, is less than I have been paying for unsatisfac¬ 
tory wire in England. The wire was on the way for 
several weeks. Meanw-hile work was delayed. The 
Customs officials know nothing of the reduction of 
the tax from 100 per cent, to 26 per cent., announced 
by Mr. Chamberlain. Another order for new' books, 
given in February, was dispatched from Bonn on 
March 4, and arrived in London on April 12 and 
April 16. Notice from the Customs was received a 
month later. After two days spent at the Customs 
filling up forms, and five letters requesting delivery, 
I still await the latter. 

The condition of the British man of science who 
elects to do research will soon become impossible. 
Perhaps that is really the idea behind all this. The 
extension of the “ key industry ’’ idea will finish us 
altogether. J. R. Partington. 

East London College, University of London, 

May 20. 


The Resonance Theory of Hearing. 

I should like, in the first place, to take this oppor¬ 
tunity of thanking Dr. Perrett for his reply in Nature 
of May 3 (p. 301), but I feel difficulty in accepting the 
explanation he there advances on the displacement 
hypothesis, because it does not seem to me to fit in 
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with the following observations. When a short inter¬ 
ruption is made in a musical note it is not a beat (i.e. 
a short silence) that is heard, but, on the contrary, a 
short noise which appears to add itself to the un¬ 
interrupted note. The way this short interruption is 
produced and an explanation of the noise that results 
according to the resonance theory of hearing will 
be found in the British Journal of Psychology (vol. xi., 
1921, p. 277). 

If, then, in order to change the phase of a note 
by jr, the usual interval between successive impulses 
is altered from r to tx|, the beat (i.e. the silent 
interval) which the observer hears cannot be due to 
the mere interruption in the sequence of the waves, 
because experiment shows that such an interruption 
would be heard as a short noise. But, further, even 
if Dr. Perrett’s explanation could be accepted for the 
case where the interval is increased from r to rxf, 
it clearly could not, I think, apply to the case where, 
in order to introduce a change of phase of jr, r is 
reduced to -rj 2: for on Dr. Perrett’s reasoning no beat 
should be evident in this case, whereas experiment 
shows it to be present. H. Hartridge. 

King’s College, Cambridge. 


Haemoglobin in Mollusca. 

Sir Ray Lankester will find some interesting 
experiments on the usefulness of haemoglobin to 
Planorbis and Chironomus larvae in a paper by Leitch 
in the Journal of Physiology (vol. 1 ., 1916, p. 370), 
in which the author indicates that its respiratory 
value comes into play only when the oxygen pressure 
is quite low. This does not, of course, solve the 
problem as to why there should be various closely 
allied mollusca (Limnaea) living side by side with 
Planorbis, and with apparently equal success, which 
have no haemoglobin beyond a trace in the muscles of 
their lingual apparatus. The possession of a con¬ 
siderable quantity of haemoglobin seems to be a 
generic character, since it is present in all the species 
of Planorbis, which differ a good deal among them¬ 
selves in their habits and in their capacity to live in 
clean and dirtv water, and absent in all sorts of 
Limnaea. Sir Ray Lankester seems to have forgotten 
what he taught me in his elementary class twenty-six 
years ago : that haemoglobin has come to have 
secondary (decorative) uses in man; but he will 
perhaps be as loath to admit an aesthetic sense in 
snails and their companions as he has been to accept 
the selective intelligence of Earland’s foraminifera in 
building their tests. But the albino form of Planorbis 
corneus found by Mr. W. T. Webster near Barnet, 
in which the colour of the haemoglobin is not 
obscured bv black pigment, is certainlv a gorgeous 
spectacle. A. E.. Boycott. 

17 Loom Lane, Radlett, May 14. 


Physiological Reactions in the Protozoa. 

It would be deplorable if the letter by Mr. Ludford, 
and with the address of a zoological laboratory 
(Nature, May 12, p. 332), should be thought by any¬ 
one to represent the attitude of zoologists in general 
or of protozoologists in particular towards physio¬ 
logical problems. It would be hard to find a more 
individualistic reaction than the “grouping” of 
Protozoa in direct response to a particular chemical 
or physical stimulus. Typical experiments are 
described in every' physiological or protozooiogical 
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text-book, and it requires some imagination to see 
in such behaviour “ the dawn of a gregarious 
instinct.” 

It is difficult to understand how any student of 
zoology or biology could have written the sentence 
beginning “ On the part of Protozoa, protection 
against toxins in the water is a necessary -precaution 
that has to be taken to safeguard the individual ” 
(italics mine). Do the Protozoa really practise sani¬ 
tary science, and are they no longer subject to natural 
selection? j. S. Dunkerly. 

Zoology Department, The University, 

Glasgow. 


Picture-hanging Wire. 

In reference to Mr. Marston’s letter upon the above 
subject (Nature, May 19, p. 362), I have for many 
years past used and advocated the use of plain copper 
wire in preference to any other means of suspension. 
The only matter that calls for careful attention is 
avoidance of “kinki. " With heavy pictures my prac¬ 
tice is to have two entirely independent suspensions 
—screw-eyes, wire, and wall nail or hook-^the dupli¬ 
cate being entirely screened by the picture, and either 
actually or so nearly sharing the weight that should 
the other suspension fail it could take the whole load 
at once without jar. 

If I use a (nailed-on) wall-hook I put a stout nail 
immediately beneath to provide against failure of the 
brass hook, and I have found it a good plan when 
using a brass-headed nail to drive in a wire nail at 
a steep angle beneath it so that the head of the wire 
nail lodges beneath the brass head. The wire nail 
acts excellently as a strut. A. J. Stubbs. 


Anode Rays of Beryllium. 

The method of anode-ray analysis which was used 
to determine the isotopes of lithium (Nature, 
February 24, p. 827) has recently been applied to 
the case of beryllium. A well-marked parabola was 
found corresponding to a single charge and an'atomic 
weight 90 + 0-1 (Na = 23). No second line was ob¬ 
served which could with certainty be attributed to 
beryllium, but the parabola at 9-0 was not so strong 
as that at 7-0 for lithium, and it is doubtful if one 
of a tenth the intensitv could be observed. On one 
plate a scarcely perceptible indication of a line was 
found in the neighbourhood of 10, but as more recent 
photographs, in which the line at 9 was stronger, did 
not show it, it seems likely that it was not due to 
beryllium. No indication was found which would 
suggest that the atom of beryllium can lose two 
electrons under the conditions of these experiments. 

G. P. Thomson. 

Cavendish Laboratory, Cambridge, May 23. 


The Colours of Primroses. 

May not Dr. Heslop Harrison’s experiences of 
primulas (Nature, May 19, p. 359) be due to the 
influence of cold and somewhat resemble what is seen 
in our so-called copper-beech in the spring and early 
summer? Few seem to be aware that during the 
summer its characteristic colour entirely disappears 
and it then has the ordinary green foliage. Other 
plants, too, e.g. some varieties of roses, show the 
same sensitiveness. G. Abbott. 

May 24. 
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